Food security is a concept originated in the mid-1970s. According to the definition of the Food and Agriculture Organization (FAO), food security is a situation that exists when all people, at all times, have physical, social and economic access to sufficient, safe and nutritious food that meets their dietary needs and food preferences for an active and healthy life. At the national level, food security is a situation whereby a country is able to cover the food requirements of its population on a continuous and stable basis. Malaysia, although a middle income country, has been a net food importer in the last four decades. In fact, the country has grown to depend more on imports for most important food especially rice. With these trends lurking, understanding the determinants of food security is important because it will help the policy makers keep abreast of the main variables for food security in Malaysia. This paper thus analyse the dynamic relationship between selected macroeconomic variables (biodiesel production, exchange rate, government expenditure on rural development, Malaysia's GDP, food price index and Malaysia's population) and food security in Malaysia using VAR approach. The variance decomposition also shows that biodiesel production, exchange rate and government expenditure on rural development variables will give the highest shock to food security in year ten. Whereas exchange rate and population in year five and finally GDP in year six. This model is a useful tool and reacts as an effort to better understand how food security reacts and is affected by the integration of domestic and global markets. It could also provide a more quantitative means of assessing food security, and in particular to pinpoint specific variables that explain the highest shock to food security at the national level. It would also benefit to consumers and policy makers.
Introduction
Many studies have been carried out to explain food security and its determinants. In terms of literature we could identify the conceptual definition of food security and the determinants of food security at individual, household and national level. Food security is a concept originated in the mid-1970s. Since then, the terms of food security (FS) was introduced, evolved, developed, and diversified by the academic community and politics (Giraldo et al., 2008) . Around two hundred definitions of the FS have been developed (Maxwell & Smith, 1992) considering the problem of FS from original view point. According to the definition of the Food and Agriculture Organization (FAO), food security is a situation that exists when all people, at all times, have physical, social and economic access to sufficient, safe and nutritious food that meets their dietary needs and food preferences for an active and healthy life. This involves four dimensions; i) adequacy of food supply or availability; ii) stability of supply, without seasonal fluctuations or shortages; iii) accessibility to food or affordability; and iv) utilization: quality and safety of food. Generally, food security is not simply a function of production or supply; it involves all of the above which include a broad spectrum of socio-economic issues with great influence on farmers and on the impoverished in particular. However, this study will focus on the first dimension which is food availability.
Food security and food insecurity can be examined at many levels such as national or country, household and individual level. In the national level, a country is food secure when on the continuous and stable basis, the food supply and effective demand are able to cover the foods requirements of its population. Food requirement can be met by the country either through domestic food production, through access to food beyond domestic production or through combination of both factors (Aker & Lemtouni, 1999) . In close economy, food requirements can be met just by the domestic food production alone. But in open economy, the food requirements of the population depend upon the world market to meet their population's caloric needs. This indicates the country level of food security is dependent upon the interaction of domestic and global forces.
Although there are growing concern of improving food security, factors influencing food security in Malaysia is not well-documented. Identifying the determinants of food security is important as it can assist researchers and policy makers in making decisions on policies that matter for food security in Malaysia. Malaysia has been a net food importer in the last four decades. It depends more on imports for most important food for instance, rice. The domestic consumption of rice increased at an annual rate of 2% during the last decade (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) , but production increased by only 1% during the period. This leads a gap between production and consumption. Consequently, rice imports increased from 594 million tones in 2000 to 799 million tones in 2007, raising Malaysia's rice import bill from RM700 million in 2000 to RM 10.1 billion in 2007 (Department of Statistics, 2008) .
The purpose of this study is to analyze the dynamic relationship between selected macroeconomic variables (i.e. biodiesel production, exchange rate, government expenditure on rural development, Malaysia's GDP, food price index, Malaysia's population) and food security in Malaysia using a time series data from 1980-2012 where vector autoregressive (VAR) approach is employed. The results of this study will reveal whether all variables mentioned above have an impact on food security in Malaysia and therefore appropriate policies can be implemented by the government.
The rest of the paper is outlined as follows. Section 2 provides the literature review. Section 3 discusses empirical data used and methodology, followed by empirical results in section 4. Section 5 concludes.
Literature Review
In terms of literature we could identify the conceptual definition of food security and the determinants of food security both at individual, household and national level.
As been mentioned in previous studies food security has spiralled since in the 1970s where during those years "food security" was mostly concerned with national and global food supplies. However in the 1980s the focus shifted to questions of access to food at household and individual levels. According to the International Conference on Nutrition (ICN) food security is defined as "access by all people at all times to the food needed for an active and healthy life". Many definition and conceptual models of household food security have been presented and most of them agreed that the key defining characteristics of household food security is the secure access at all time to sufficient food. The four main concepts that have been discussed are; sufficiency of food; the concept is presented in different ways by different authors i.e. according to Reutlinger and Knapp (1980) it is the "minimal level of food consumption", Siamwalla and Valdes (1980) as a "target level", or as the food "adequate to meet nutritional needs" by Barraclough and Utting (1987) . Another issue is the difficulty of measurement which is an important aspect to assess whether people have access to "enough" food by asking how far they fall below the threshold. Heald and Lipton (1984) discuss about proportionate shortfalls in access to calorie. Meanwhile Maxwell et al., (1990) mentioned the idea of the "intensity" of food insecurity. Second is access to food. It is related to the question of whether individuals and nations are able to acquire sufficient food. The focus on access is a phenomenon of the 1980s, which resulting from the pioneering work of Sen (1981) on food "entitlements". An individual's entitlement is rooted in his/her endowment, then transformed via production and trade into food or commodities which can be exchange for food. Security is the third concept and it defines secure access to enough food. The notions of risk and risk avoidance have been central to definitions of food security. Linking the discussion of risk to the discussion of entitlements, it is necessary to identify the risks to food entitlements which can be originated from many sources including variability in crop production and food supply, market and price variability, risks in employment and wages. Finally, time where it shows secure access to enough food at all times. Although it is not much discussed in the literature, it has become conventional to draw a distinction between chronic and transitory food insecurity. Chronic food insecurity is a situation where a household runs a continually high risk of inability to meet the food needs of household members, while transitory food insecurity occurs when a household faces a temporary decline in the security of its entitlement and the risk of failure to meet food needs is of short duration.
There is a vast and growing literature analyzing the relationship between food security and its determinants. Among others are Aker and Lemtouni (1999) ; they present a framework for assessing food security (FS) at the national level in an effort to better understand how food security reacts to and is affected by the integration of domestic and global market. Six variables are used such as domestic food production, average annual rainfall, world food prices, gross domestic product, Gini coefficient of income distribution and exports of goods and services to capture the domestic and global supply and demand mechanism. Findings show that there are Inter-variables correlation between rainfall and domestic food production and income and domestic production. Cereal production used as a proxy of food production is not significant to food availability (FA). Meanwhile income (GDP) was significant and had a positive effect on FA. Cereal prices to FA and FS are ambiguous (depends on country status as exporter or importer and the market regulation in an economy) and negative impact to FA. Foreign exchange to FA and FS is ambiguous and negative impact.
Food prices are one of the factors that influence food security. Arshad and Abdel Hameed (2010) examine factors that bring to the increase of price in food commodities and the implication to food security in Malaysia. Factors that cause the food price crisis are the fundamentals that include decline in growth of agricultural production, hence supply, decline in global cereal stocks and strengthening food demand from emerging economies. As stated by the authors, second cause is the systemic factors that include underinvestment in agriculture and lopsided policy towards export crops at the expense of food. Third and fourth causes are increase in biofuel demand and technical factors respectively. As a net food importer, all these factors affected Malaysian in terms of first, higher food import bill where in 2008, Malaysia food deficit increased to RM10.9 billion compared with RM4.9 billion in year 2000. Morrissey et al., (2013) conducted a study to estimate how local food prices influence the weight outcomes, food insecurity, and food consumption patterns of children from infancy to 5 years of age. This study found that compared to children living in areas with lower-priced fruits and vegetables, children living in areas with higher priced fruits and vegetables averaged higher measures of standardized Body Mass Index (BMI) scores. This study also found that there are significant association between food prices and child and family weight and food security outcomes. About 30 percent of children were overweight, and about 12 percent of children reported low or very low food security are lived in households in which the adult respondent. Overweight children faced higher average annual fruit and vegetable, fast food, and soft drink prices than their peers who were not overweight, but the standardized price ratios did not differ. Households with food insecure adults faced average lower fruit and vegetable prices than those with food secure adults. This study suggests that 30 more research on the interactions between food prices and public food assistance, particularly the effects of these new initiatives, is needed.
According to United Nations Environment Programme (UNEP), low and fluctuating prices are a core problem for stable food production. Agricultural price volatility increases the uncertainty faced by farmers and affects their investment decisions, productivity and income. Lagging investments can be a constraint in meeting changing consumer demands. For willingness to invest it is the volatility of the revenue flows that matters. Instability in prices is related to factors in the agricultural domain as well as in other sectors.
Data and methodology

The data
The study employs observations for the period 1980 to 2012 for seven variables used. All variables are expressed in logs. The data sets were obtained from International Finance Statistics (IFS), Food and Agriculture Organization (FAO) and the Statistics Department of Malaysia websites.
The seven variables used in this paper are defined as follows:
i. Food production index (FPdI) covers food crops that are considered edible and that contain nutrients. Coffee and tea are excluded because, although edible, they have no nutritive value. ii. Biodiesel production (BdPd) which is produced in Malaysia using palm oil (in liters). iii. Real gross domestic product (RGDP) is a measure of total output for the Malaysian economy.
This variable is expressed in RM million. iv. Exchange rate (ER) and this variable is in RM/USD. v. Government expenditure on rural development (GovDevExp) in RM million. vi. Food production index (FPI). vii. Malaysian Population (MPop).
The choice of six macroeconomic variables is based on work by Aker and Lemtouni (1999) . However, there are certain variables that has been substituted for example food security variable itself where food production index has been used replacing Guttman Scale of Food Security. Biodiesel production has been included as a determinant and it is known as one of the fundamental factors in Arshad (2009a Arshad ( & 2009b and Arshad (2012) . The use of RGDP is consistent with previous literature using income as one of the factor influence food security, (see Ahmed & Siddique, 1995 , LeBlanc & McMurry, 1998 , Arshad, 2009a & 2009b . World food prices as employed in Aker and Lemtouni (1999) are substituted with Malaysia food price index. The use of real exchange rate reflects the strength of the currency. Government expenditure in rural development shows a systemic factor as mentioned in Arshad (2009a Arshad ( & 2009b and food price index reflects the inflation in food prices. Finally, Malaysian population reflects the population in a country.
Model specification
The conceptual model for food security that will be used in this study is based upon the framework by Thomson and Metz (1996) . Within this framework, food security can be defined as a state in which supply and effective demand fulfill aggregate food requirement. Food availability is central to any model of food security and for a long time was the only indicator of food security for a fundamental reason. Food availability refers to the total food available for human consumption, supplied either by production, stocks, imports, or food aid. The empirical model outlined in this paper proposes food production index which will be used as proxy for food security since food production indicate food is available for the population which is produced by a country through domestic food production alone or beyond food domestic production or both. Lack of food supplies will cause hunger and food insecurity. Based upon the literature of food security and its components presented in the previous section, food security is a function of the following variables: The first six independent variables (BdPd, GDP, ER, GovDevExp, FPI and MPop) capture the domestic and global supply and demand mechanisms that affect the food economy, and thus serve to explain food security at the country level. Among the important variables of this model are population determinants where it is more focused on local population. ER is included as a proxy for the availability of foreign exchange, which is needed to purchase food imports. The econometric model outlined above is suggested as a means to assess food security at the national level, and in particular to measure how certain domestic and international market forces affect it.
Thus, to investigate the response of food security to selected macroeconomic variable an unrestricted Vector Autoregressive (VAR) model is explored. The VAR model could provide a multivariate framework where changes in a particular variable (biodiesel production) are related to the changes of its own lags and to changes in other variables and the lags of those variables.
Empirical results
This section presents the empirical results of the analysis which begins with the summary of the unit root test of the variable used for the empirical study in Table 1 . Thus, both the Augmented Dickey Fuller (1979) and Phillips Perron (1988) tests are employed. The results shows that the variables expressed at level are non-stationary but when all the variables are first differenced there is evidence that all the variables are stationary. Since the variables n the model follow an I(1) process the next step is to test if there is a long run relationship exist among the variables. Note: *, **,*** represent significance at 10, 5 and 1 percent respectively.
The number of cointegrating relations from all seven variables, on the basis of trace statistics and the maximal eigenvalue statistics at 5 percent are summarized in Table 2 . The result of the test statistics indicate that the hypothesis of no cointegration among the variables can be rejected for Malaysia and the result reveal that at least five cointegrating vectors exist. Considering the existence of long term equilibrium relationship among nonstationary variables in the system the analysis employs an unrestricted VAR. The optimal lag length is 1. In addition, since the variables are cointegrated the equations of the VAR also include the lagged values of the variables in levels to capture their long-run relationships. The output of the regression is given in Table 3 while the standard error and the t-statistics are in parentheses. With several lags of the same variables, each estimated coefficient might not be statistically significant due to multicolinearity but collectively they may be significant on the basis of the F-test. The VAR result reveals the statistical and theoretical significance of the parameter estimate. Looking at the results individually, food price index (FPI) and population (MPop) were found to be statistically significant. Most of the other variables are found not to be significant. Nevertheless, the F-statistics of 1012.67 and 4115.88 are high enough and they imply the overall significance of the model. The lower value of the Akaike and Schwarz statistics suggest that the parameter estimate is significant statistically. The FPI exerts a positive impact on food security. This finding is following the a priori expectations. Mpop also shows a positive impact on food security. Both of these variables found to be significant. While the other variables follows the a priori expectations even though not significant.
Overall, the theoretical implications of these variables can further be evaluated from the variance decomposition result. In this study, we are interested with the importance of each variable shock in food security. This is addressed by computing the forecast error variance decomposition based on the VAR estimates. Variance decomposition allocates each variable's forecast error variance to the individual shocks, which is a measure of the quantitative effect that the shocks have on the variables. The variance decomposition suggests that shocks to the food security which is proxied by food production index increase as evidenced in Table 4 shows that own shocks constitute the predominant source of variation for all the variables in the model. The shocks in food security ranged between 100 percent in the first year declining in effects to about 85 percent in the second year, declining further to 74, 66, 58, 48, 40, 33, 28 and 24 percent respectively from year three to ten. Apart from its past values, biodiesel production, exchange rate, food price index, GDP, government development expenditure on rural development and population also accounted for variation in food security. Specifically, shock in biodiesel production did not contribute initially to the shocks in food security in the first year but the contribution rose to 2.62 percent in the second year but decline marginally to 2.32 percent in the third year. Also, shocks in a exchange rate did not contribute initially to the shocks in food security in the first year but the contribution rose to 1.72 percent in the second year and increased to 4 percent in the third year. GDP shocks showed a mixed trend where in the second year it shows 2.91 percent of the shock and it increased till year six but and then decreased marginally till the 10 th year. The government expenditure on the rural development showed a positive increase from year to year till year 10. Finally population shocks contribute an increasing trend at first from year two to five but and then declined marginally till tenth year. As a conclusion it is very clear from Table 4 that biodiesel production, exchange rate and government expenditure on rural development variables will give the highest shock to food security in year ten. Whereas exchange rate and population in year five and finally GDP in year six. 
Conclusion and policy recommendation
This paper thus analyse the dynamic relationship between selected macroeconomic variables (biodiesel production, exchange rate, government expenditure on rural development, Malaysia's GDP, food price index and Malaysia's population) and food security in Malaysia using VAR approach. The FPI exerts a positive impact on food security. This finding is following the a priori expectations. MPop also shows a positive impact on food security. This means the more population the more food insecure. Both of these variables found to be significant. While the other variables follows the a priori expectations even though not significant. The variance decomposition also shows that biodiesel production in Malaysia did not contribute initially to the shocks in food security in the first year but the continued to rise till year ten. The findings confirm that in the long run biodiesel production will have a negative impact on food security. This is mainly due to the competition in terms of land between food and fuel. In terms of policy implication the investment in the biodiesel industry should be under control or limited or else Malaysia has option to invest offshores in ASEAN countries such as Indonesia and Papua New Guinea.
Based on the findings, it was established and can be concluded that, while population remains as one of the important determinant, the shock showed a decreasing trend after the fifth year possibly due to the increase in foreign workers where the demand for food is more from the foreign workers in Malaysia. The findings and conclusion of this study suggested the need for the policy makers to spend more on government expenditure and rural development. This will enhance and promote agriculture development specifically on food production. In the longer run, the impact of the foreign exchange on food security must be noted. A favourable RM/USD portion may hurt food security of Malaysia after the 5 th year due to reliance on imports rather than local production of food.
